The anapole moment of a charged scalar particle is studied in a model independent fashion, using the effective Lagrangian technique, as well as radiatively within the context of scalar quantum electrodynamics (SQED). It is shown that this gauge structure is characterized by a non renormalizable interaction, which is radiatively generated at the one-loop. It is found that the resulting anapole moment for off-shell particles, though free of ultraviolet divergences, is gauge dependent and thus it is not a physical observable. We also study some of its kinematical limits. In particular, it is shown that its value comes out to be zero when all particles are on-shell. In a previous communication by some of us, a one-loop SQED calculation for the 3-point off-shell φ − φ + γ Green function in arbitrary gauge and dimension was reported [1] . It was shown that a new independent gauge structure arises at this level. In this brief report, we show that this non renormalizable gauge structure corresponds to the anapole moment of a charged scalar particle. To the best of our knowledge, this study has not been carried out in the literature so far. The anapole moment, first introduced by Zeldovich [2] , is an electromagnetic property that vanishes for on-shell photons and always arises as a quantum fluctuation at one-loop or higher orders within the context of renormalizable theories. It is the only electromagnetic property of Majorana particles. The anapole moment is best known from the studies of Majorana neutrinos [3] and the standard model (SM) Z boson [4] , although it is a characteristic of any type of particle 1 . Its systematic study for Majorana particles including fields of higher spin has been carried out in [5] . The anapole moment of spin 1/2 non Majorana particles has also been the subject of interest in the literature [6] . In the present work, we focus on the anapole moment associated with a scalar particle within the context of SQED. We study this electromagnetic property of charged scalars in two different ways. Firstly, using the effective Lagrangian formalism [7] , we demonstrate the existence of this gauge structure in a model-independent way. Secondly, using general results reported in [1] for a charged scalar, we show that this off-shell electromagnetic structure arises at the one-loop level. Apart from its intrinsic theoretical interest, there are phenomenological motivations to study the electromagnetic properties of scalar particles, as it is expected that new physics show up during the experiments that will be carried out at the Large Hadron Collider (LHC). In particular, if there is a Higgs boson, it is almost certain to be found at this collider and its mass measured by the ATLAS [8] and CMS [9] experiments. If discovered, answers to many related questions would have to be sought. For instance, does it differ from the one predicted by the Standard Model (SM)? Are there more than one Higgs particles? Therefore, it is important to study all types of physical properties of scalar particles, including those that arise as a quantum fluctuation, as is the case of the anapole moment.
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As it is well known, the renormalizable structure of SQED induces three-and four-point φ − φ + γ and φ − φ + γγ couplings at the level of the classical action. However, it is not difficult to convince ourselves that these couplings develop new components of non renormalizable type at the level of the quantum action. The corresponding effective theory incorporates U e (1)-invariant terms of up to dimension six. To that order, one can write an effective Lagrangian of the form
where Λ is some relevant energy scale and L SQED represents the renormalizable Lagrangian given by :
In these expressions, D µ = ∂ µ − ieA µ is the electromagnetic covariant derivative, V (φ − , φ + ) is the scalar potential, L GF is the gauge-fixing term, and the O i are U e (1)-invariant structures of dimension six given by
As is evident, both O D and O DD contribute to the 4-point vertex, but only O D contributes to the 3-point coupling. Thus, the most general electromagnetic gauge structure for the φ − φ + γ vertex is given by
where J µ is the electromagnetic current given by:
From the above Lagrangian, one can construct the most general 3-point vertex function, which can be written as:
where
are the form factors associated with the monopole and anapole moments of the φ ± scalar boson, respectively. In the context of the renormalizable theory, f Q (q 2 , p 2 , k 2 ) = 1 and f A (q 2 , p 2 , k 2 ) = 0 at the level of the classical action. As we will show below, the anapole moment is generated at the one-loop level by the renormalizable theory. The new gauge structure satisfies
is conserved, S −1 being the scalar propagator. To be able to make quantitative statements about the anapole form factor, we need to know f A (q 2 , p 2 , k 2 ) explicitly. While the complete non perturbative expression for the anapole moment is not known 3 , it is induced at one-loop level. The one-loop contribution to the φ − φ + γ Green function is given through the diagrams shown in Fig. 1 . As it was shown on general grounds in [1] , the complete Green function Γ µ is made of two independent components, one proportional to the monopole moment (k + p) µ and other associated with a part that satisfies the q µ Γ T µ = 0 transverse condition. In the light of the above discussion, this loop induced gauge structure can be identified with the anapole moment :
The explicit general expression for τ (k 2 , p 2 , q 2 ) for the off-shell particles in arbitrary dimensions is given in [1] . In 4-dimensions, it is
anapole moment is zero for all the external particles on the mass-shell. The existence of this electromagnetic property is shown by using the effective Lagrangian technique. We would like to comment that the anapole moment would be the sole electromagnetic property of a scalar particle that is neutral but differs from its own antiparticle, i.e., a particle which is associated with a non self-conjugate scalar operator field.
